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I. INTRODUCTION
A purpose of this series of studies 1, 2 is to clarify the structure of the exact wave function. Since the Hamiltonian in the Schrödinger equation is simple, involving the operators only up to two-particle interaction terms, the exact wave function, its eigenfunction, should also have some simple structure, reflecting this simplicity of the Hamiltonian operator. We have already shown in the previous two papers 1,2 that certainly the exact wave function can be described with a smaller number of variables than ever thought. After clarifying the structure of the exact wave function, we study the efficient method to calculate it. The Schrödinger equation governs essentially most of physics and all of chemistry, 3 so that if we can solve this equation with a realistic cost, we can make very precise predictions and its scientific and practical merits are huge.
The Schrödinger equation is given by ͑ HϪE ͒ϭ0, ͑1.1͒
where the Hamiltonian involves only one-and two-particle operators as in a second-quantized representation. The most straightforward method of solving the Schrödinger equation within a given basis set is the full CI method, but the number of the variables, M full-CI involved in this method
Nϩ1 ͪ , ͑1.3͒
easily runs into astronomical figures even for small molecules. In Eq. ͑1.3͒ m is the number of active orbitals, N the number of electrons, and ͑ ͒ denotes binomial coefficient.
In the first paper of this series, 1 hereafter called Paper I, we have shown that it is possible to solve the Schrödinger equation with M GSD variables
͑1.4͒
This is the number of the general singles and doubles ͑GSD͒ substitution operators and is much smaller than M full-CI . We have proposed the iterative configuration interaction ͑ICI͒ method involving GSD number of variables ͑ICIGSD͒ as a a͒ Electronic mail: hiroshi@sbchem.kyoto-u.ac.jp method to calculate the exact wave function. In the second paper of this series, 2 called Paper II, we have shown that an even smaller number of variables is possible to solve the Schrödinger equation. The number of variables depends on how we divide the Hamiltonian operator into pieces. This number of division, N D is, for example, from unity to M GSD : unity is for no division and M GSD for dividing H into all the terms in Eq. ͑1.2b͒. This generalized ICI method was called the ICIND method. Further, we have described how to calculate the excited states from the ICIND method.
In Paper I, we have obtained the theorem that suggests the possibility that the exponential anzatz may represent the structure of the exact wave function when it is combined with the variational principle. The coupled cluster singles ͑CCS͒ is certainly exact when the Hamiltonian involves only a single particle operator. However, the conventional CCSD was shown to be not exact because it is not variational and because the operators involved are only excitation-operator type (
A t type͒ and do not include other substitution operators ( X t type͒. 1 We then proposed the CCGSD method that was the CC including general singles and doubles ͑GSD͒ substitution operators, but the problem was that it included the noncommuting operators. Nooijen 8 recently considered a combination of CCGSD with the density equation. 5 In this paper, we will extend the exponential ansatz in the light of the general theorem given in Paper II and present extended coupled cluster ͑ECC͒ theory. We will show that the ECC in its simplest form ͑SECC: simplest extended coupled cluster͒ certainly represents the structure of the exact wave function as expected originally in Paper I. This fact further sheds light on the structure of the ECC theory in general. We analyze the structure of the ECC wave function. A method of solving the ECC is described and some simple application is given.
The wave operator W is an operator that transforms an appropriate approximate wave function 0 into the exact wave function that is a solution of the Schrödinger equation ϭW 0 .
͑1.5͒
When 0 is Hartree-Fock, W includes all the correlation effects. We will give in this paper a simple explicit expression of the wave operator based on the exponential ansatz.
II. BACKGROUND
We first summarize several equations that are equivalent to the Schrödinger equation in the necessary and sufficient sense. They provide valuable information for the study of the structure of the exact wave function, because they have the same determinative power as the Schrödinger equation when they are solved appropriately.
The most well-known and useful one is the variational principle ͉͗HϪE͉␦͘ϭ0,
͑2.1͒
where the energy of the system, E, is defined by ͉͗HϪE͉͘ϭ0.
͑2.2͒
Second, the equation Based on these equations, we have given the following theorem in Paper II. Namely, when we divide the Hamiltonian into the N D parts as
then, the wave function that satisfies
͑2.7͒
and Eq. ͑2.2͒ is exact in a necessary and sufficient sense. Similarly, the wave function that satisfies
is also exact in the necessary and sufficient sense. In Eq. ͑2.8͒, the partial energy E I corresponding to H I is defined by
͑2.9͒
and satisfies
It is convenient to call this group of equations H-square or H-nijou equations. ͑''Nijou'' is Japanese meaning square.͒ Based on the above theorem, we have introduced in Paper II the iterative CI method including N D variables ͑ICIND͒ as a method that gives the exact wave function. Actually, we can obtain the exact wave function, corresponding to any division of the Hamiltonian. For example, we can obtain the exact wave function using only one variable. We can define the exact wave function including only the singles number ͑number of singles substitution operators͒ of variables: this is an interesting special case that may give a basis of the density functional theory ͑DFT͒. 6 When we divide the Hamiltonian into the GSD parts, as in the expression of Eq. ͑1.2b͒, we have the ICIGSD method proposed in Paper I. Since each iteration process of the ICI method is variational, the solution converges from above to the exact wave function. We have explained further in Paper II how to calculate the excited states within the framework of the ICI method.
III. EXTENDED COUPLED CLUSTER
In Paper I, we have examined the exponential ansatz as a promising candidate of the structure of the exact wave function. This expectation was based on Theorem II-2 of Paper I that suggested that the exponential ansatz might represent the structure of the exact wave function. We study this problem here in the light of the theorem given in Paper II.
We describe here an extension of the coupled cluster ͑CC͒ theory. 
A. SECC
We first consider the simplest extended coupled cluster ͑SECC͒, where N D ϭ1 in Eq. ͑3.1͒; namely, we do not divide the Hamiltonian operator. Then, SECC may also be referred to as ECC1 as an extreme of the ECCND. The S operator of the type of Eq. ͑3.2͒ is written as SϭCH, and the SECC wave function is written as ϭexp͑CH͒ 0 ͑3.14a͒
We calculate the energy E by ͉͗HϪE͉͘ϭ0 and the variable C by the variational principle. Differentiating with respect to C, we obtain ‫ץ‬ ‫ץ‬C ϭH.
͑3.15͒
Inserting this relation into the variational equation, we have ͉͗͑HϪE͒H͉͘ϭ0,
͑3.16͒
which is Eq. ͑2.4͒. Therefore, the SECC given by Eq. ͑3.14͒ is exact when it is solved variationally. Using the S operator of the type of Eq. ͑3.4͒ as S ϭc(HϪE), the SECC can be written in a different form ϭexp͓c͑HϪE͔͒ 0 ͑3.17a͒
Therefore, from the variational principle, we have
which is Eq. ͑2.3͒. Therefore, the variational SECC in the form of Eq. ͑3.17͒ is also exact. Thus, we have the theorem. Theorem III: Variational SECC is an explicit expression of the solution of the Schrödinger equation.
Theorem III is rather surprising. It means that the variational SECC is exact, though it has only one variable. It also means that the operator of the SECC, exp(CH) or exp͓c(H ϪE)͔, is an explicit expression of the wave operator defined by Eq. ͑1.5͒. It transforms an approximate wave function 0 into the exact one . Since the operator, exp(CH) or exp͓c(HϪE)͔, is totally symmetric, the wave function of SECC reflects the symmetry of the reference function 0 . This implies that the SECC is applicable to the ground state of each spin-space symmetry.
The convergence of SECC, when it is written in an expansion form as in Eq. ͑3.14b͒ or ͑3.17b͒, is clear, since a merit of the exponential ansatz is that it always converges, though this does not necessarily mean that the convergence is fast. The convergence rate is dependent on the quality of the reference function 0 . It is very much desirable to calculate the SECC wave function, exp(CH) 0 or exp͓c(H ϪE)͔ 0 , directly as it is in Eq. ͑3.14a͒ or ͑3.17a͒ rather than expanding it as in Eq. ͑3.14b͒ or ͑3.17b͒.
There is no iteration in the structure of the SECC, different from the ICI method. In comparison with the simplest ICI ͑SICI͒ given by Eq. ͑3.18͒ or ͑3.19͒ of Paper II, the SECC has uniquely only one variable, while in the SICI method, the single variable is reoptimized in each iteration step.
The SECC given by Eq. ͑3.17͒ is somewhat more transparent than that of Eq. ͑3.14͒. When 0 is an eigenfunction of H, then exp͓c(HϪE)͔ϭ1, and therefore, ϭ 0 as it should be. When 0 is close to , (HϪE) should be small and therefore the convergence should be fast. Actually, however, the operators, exp(CH) and exp͓c(HϪE)͔, are essentially the same: the difference lies only in the norm of the wave function.
Solution of the Schrödinger equation in the form of SECC has long been considered in the field of quantum molecular dynamics dealing with the time-dependent Schrö-dinger equation. 
͑3.21͒
After a time , the eigenfunction ⌿ i is reduced relative to ⌿ 0 by the ratio, exp͓Ϫ(E i ϪE 0 )͔, so that after the time larger than m ln 10/(E 1 ϪE 0 ), ͑͒ approaches ⌿ 0 in m digits of accuracy. At infinity, ͑͒ becomes equal to ⌿ 0 . As ͕⌿ i ͖ are all linearly independent, this is a unique way of getting the exact solution from Eq. ͑3.21͒. This argument means that the variable C or c in the SECC is a large negative ͑infinite͒ value to represent the exact wave function. Of course, the wave function itself is finite when it is divided by the normalization factor. The actual optimal value is dependent on the quality of the reference wave function 0 . We will see in the applications of SECC that the actual optimal value of the variable is not so large negative, as far as we solve it approximately.
The most important conclusion of this section is that the simplest ECC, SECC, has a structure of the exact wave function and can certainly become exact with its structure of the exponential ansatz.
B. ECCND
We next consider the general case of the ECCND where N D 1. Now, we know that even the simplest form of the exponential ansatz, SECC, has the structure of the exact wave function, so that we can assume that a more general exponential ansatz, ECCND, does have freedom to represent the structure of the exact wave function. Therefore, when we calculate the variables ͕C I ͖ in Eq. ͑3.2͒ either by the variational method or by the H-nijou method, both give the exact wave function, because both methods are equivalent to the Schrödinger equation in the necessary and sufficient sense.
We first apply the variational principle to the ECCND wave function given by Eq. ͑3.3͒. Since the operators ͕H I ͖ in Eq. ͑3.2͒ do not generally commute with each other
the variation of with respect to C I is written as
where the S operator is given by Eq. We see that Eq. ͑3.25͒ of the variational method and Eq. ͑3.28͒ of the H-nijou method are different. But, since the exact wave function should satisfy both variational and H-nijou equations, it must also satisfy the equation
which is derived by subtracting Eq. ͑3.25͒ from Eq. ͑3.28͒. This equation can also be written as
and a simple sum of this equation for all I gives
ϩS͓H,S͔͒ϩ¯ͮ ͉ 0 ͘ϭ0.
͑3.31͒
Conversely, when ⌬ this is possible. Note, however, that since the exact wave function is unique, the solutions corresponding to case A and B must be identical except for a normalization factor.
Since case A is identical to SECC, it is realized only when all terms in the expansion of Eq. ͑3.3b͒ are included: it must be strictly exp(S) as the argument of Kosloff and Tal-Ezar 8 given below Eq. ͑3.21͒ implies. A merit of case B over case A is that case B can be realized within shorter terms of expansion of the exponential operator, the contribution of the latter's rest of terms being smaller than a given threshold of accuracy: this is realized since ECCND has a larger number of variables than SECC, which has only one variable. For example, let us image CCGSD. There, the variables associated with the X t type operators can become smaller than those of the A t-type ones as a result of the variational principle. ͑Within GSD operators, A t type operators are ordinary excitation operators that appear in CCSD, while the X t type operators are the rest of the GSD operators including de-excitation operators, etc.
1 ͒ This is natural since we know that CCSD is already a good approximation of the exact wave function. However, in the SECC only one variable exists, so that such a fine tuning is impossible and a large number of terms, i.e., true exponential operator, is necessary to represent the exact wave function.
In an approximate method of ECCND in which we terminate the expansion of the exponential operator at some order, case B would be realized within some accuracy and give a lower solution than case A. When we have a larger number of variables in ECCND, the convergence rate would be faster. This would be especially so when we perform CCGSD, a special case of ECC given in Paper I. 9 We will see in Sec. V that in a simple example of application, the ECCND gives much faster convergence than SECC because of the realization of case B. In SECC, only case A exists. Now, it would be interesting if we can introduce the exponential ansatz including only commutable operators. Such formulation is certainly possible if we introduce a normal-ordered exponential ansatz 10, 11 ϭ͕exp͑T͖͒ 0 , ͑3.32͒
where the brace ͕ ͖ means that we include only the normalordered products in the expansion of the exponential operator. T is the GSD operator given by Eq. ͑3.6͒. This expansion does not include the noncommuting operators by its definition. This formulation has been considered first by Lindgren to circumvent noncommuting problems in the formulation of open-shell coupled cluster theory. 10 Mukherjee also gave some interesting formulations. 11 When we apply the variational principle to the given by Eq. ͑3.32͒, we obtain ͉͗͑HϪE͕͒a r ϩ a p exp͑T ͖͉͒ 0 ͘ϭ0, 
͑3.36͒
When 0 is Hartree-Fock, H I 0 includes only up to two particle excitations, so that the calculations of Eq. ͑3.36͒ is easier than that of Eq. ͑3.25͒. Note that when H I includes only X t-type operators, most of their coefficients C I may vanish identically as a result of Tables III and IV of Paper I. In contrast to the variational method, this method of solution does not guarantee the solution to be exact. This nonvariational formulation is also valid to the SECC with N D ϭ1.
The formulations given here is based on the S operator given by Eq. ͑3.2͒. Those based on the S operator given by Eq. ͑3.4͒ are easy, therefore, we do not give them for the sake of brevity. The arguments about the ECCND are valid also for this case.
IV. SOLVING ECC

A. Solving SECC
We now formulate the basic equations for solving the ECC. Again, we describe the case of SECC first and then the case of ECCND with N D у2. The main difference lies in the commutation relation. 
Note that always f (C)у0 and the solution is at the extreme, f (C)ϭ0. It is very useful if we can calculate the integral f (C) directly from Eq. ͑3.14a͒ or ͑3.17a͒ without expanding the exponential operator as in Eq. ͑3.14b͒ or ͑3.17b͒. Another method of calculating the SECC may be performed asymptotically by increasing term by term along the expansion of the exponential operator as in Eq. ͑3.14b͒ or ͑3.17b͒. We truncate the expansion of the exponential operator at the term (1/n!)C n H n or (1/n!)c n (HϪE n ) n : such truncated wave function is denoted as n n ϭ ͩ 1ϩCHϩ
͑4.7͒
where E n is defined by ͗ n ͉HϪE n ͉ n ͘ϭ0.
͑4.8͒
The optimal value of the variable C or c is calculated for the truncated n and the energy and other properties are calculated. Then, we increase n, repeat the calculation, and check the convergence. Though the expansion should always converge, the convergence rate would be dependent on the quality of the reference function. The optimum value of C or c is calculated by the following methods. We define f n (C) from the truncated wave functions given by Eq. ͑4.6͒ or ͑4.7͒ as
and impose the condition
For the truncated n , f n (C) is positive nonzero. By adding term by term, the function f n (C) approaches zero from above and when it becomes zero, i.e., at the convergence, the corresponding n is exact. This method is called the f (C)-minimization method and is different from the variational method described below. We also calculate the truncated wave functions n by applying the variational principle. Differentiating n by the variable C or c, we obtain
for the truncated SECC given by Eq. ͑4.6͒ or ͑4.7͒, respectively. Inserting these expressions into the variational principle given by Eq. ͑2.1͒, we obtain
for the truncated SECC. E n is defined by Eq. ͑4.8͒. The optimal value of C or c is calculated from Eq. ͑4.13͒ or ͑4.14͒. Equations ͑4.9͒ and ͑4.14͒ show the difference between the f (C)-minimization method and the variational method, but we note that they become close as n increases and finally become identical. Before then, the energy calculated by the variational method is lower than that obtained by the f (C)-minimization method.
The SECC has some similarity to the solution of the time-dependent Schrödinger equation on the imaginary time axis. Therefore, the method developed for solving the timedependent Schrödinger equation 7, 8 might also be useful for the SECC.
B. Solving ECCND
For ECCND with N D у2, the variational equation and the H-nijou equation are different. The method of solution for the exact case is presented in the previous section. We consider here the method of solution for the ECCND truncated at order n n ϭ ͩ 1ϩSϩ
Since this n is an approximation to the ECCND, the variational and the H-nijou methods give different solutions in general, but the difference should be small for good n . The variational working equation is written as
with E n defined by ͗ n ͉HϪE n ͉ n ͘ϭ0.
͑4.17͒
The energy E n becomes minimum for the solution of the ground state. The working equation for the H-nijou method is given by
where E n is defined by Eq. ͑4.17͒.
The difference between the variational and H-nijou equations is given by
⌬ n ⌬ n I ͕͑C I ͖͒ϭ͗ n ͉͑HϪE n ͒ ͭ 1 2 ͑ H I SϪSH I ͒ϩ 1 3! ͑ 2H I S 2 ϪSH I SϪS 2 H I ͒ϩ¯ϩ 1 n! ͫ ͑ nϪ1 ͒H I S nϪ1 Ϫ ͚ mϭ2 n S mϪ1 H I S nϪm ͬͮ ͉ 0 ͘ ϭ͗ n ͉͑HϪE n ͒ ͭ 1 2 ͓H I ,S͔ϩ 1 3! ͑ 2͓H I ,S͔S ϩS͓H I ,S͔͒ϩ¯ϩ 1 n! ͚ mϭ1 nϪ1 ͑ nϪm ͒S mϪ1 ϫ͓H I ,S͔S nϪmϪ1 ͮ ͉ 0 ͘.
͑4.19͒
Since n is approximate, ⌬ n I is not necessarily zero, but it should be small for good n : It gives a measure how good is the quality of the calculated n . The smallness of ⌬ n I would be due to case B of the previous section: The S and H I would not commute and all C I would not be equal. When ⌬ n I ϭ0, the difference between F n I and G n I becomes
͑4.20͒
The energy calculated by the variational method is always lower than that calculated by the H-nijou method.
V. PERFORMANCE OF SECC AND ECC2 FOR HARMONIC OSCILLATOR
We examine here the performance of the SECC by applying it to a simple example, one-dimensional harmonic oscillator.
The harmonic oscillator with the force constant k and the reduced mass is defined by the Schrödinger equation
͑5.1͒
Replacing the constants by 
͑5.5͒
The two lowest solutions of this equation are which has the minimum value 1.0 at ␣ϭ0.5, a consequence of the variational principle.
A. SECC
We now apply SECC first to the ground state. We use the SECC given by Eq. ͑3.14͒. A single variable C is included in the S operator as
͑5.10͒
We have applied the variational method and the f (C)-minimization method to the truncated n for n ϭ1 -30. The calculations have been performed using MAPLE 6 12 and the results are given in Tables I and II . The absolute value of C, C opt of n increases, as expected, as the number of terms, n increases, and the corresponding energy E opt approaches the exact value 1.0. The magnitude of C opt is, however, far from the negative infinity. Initially for small n, the results oscillate to some extent, but become monotonic for nϾ6. The convergence rate is faster for ␣ϭ0.55 than for Table I and the f (C)-minimization results given in Table II show similar behaviors. The energy of the former is always lower than that of the latter, but the difference becomes smaller as n increases. The value of f (C), which must be positive, gradually approaches zero from above. The convergence rate is slow in both methods: we do not yet reach the convergence especially for ␣ϭ0.60. But, we can conclude that the SECC converges to the exact value for both the results given in Tables I and II which has a minimum again at ␣ϭ0.5. We have applied the variational method to the truncated n of the SECC using MAPLE 6 and the results are shown in Table III . The convergence behavior of the excited state is similar to that of the ground state. It initially oscillates but becomes monotonic for nϾ8. The value of C opt increases as n increases and E opt approaches the exact value 3.0, though the convergence rate is slow.
In Tables I to III , the result for 1 is remarkably good. It is essentially the result of the first iteration of the SICI method.
2 Since every step is variational in the ICI method and since the variable is reoptimized in each iteration step, the convergence of the SICI is expected to be faster than that of the SECC, if the SECC is solved in the expansion method as given here.
B. ECC2
We next apply ECC2 to the ground state of the harmonic oscillator. Two variables C K and C P are associated to the kinetic and potential operators as
͑5.13͒
Note that S and H do not commute as far as C K is not equal to C P . The variational method and the H-nijou method are different in ECC2. We first apply the variational method. We calculate the ECC2 wave function truncated at nϭ2 and 3 and summarize the results in Table IV . C K and C P in Table IV are accurate only to five decimal figures. The result for nϭ1 is rather special. At nϭ1, the ECC2 is identical with the first iteration of ICI2, and in this example of harmonic oscillator, the first iteration of ICI2 is also just identical with the first iteration of SICI or ICI1 because 0 , Ϫ(d 2 /dx 2 ) 0 , and x 2 0 are not linearly independent. Thus, the ECC2 result at nϭ1 is identical with the SECC result at nϭ1 given in Table I .
From Table IV , we are surprised at the good convergence of the ECC2 wave function. Even at nϭ2, the energy converges very nicely to 1.0, and at nϭ3, the results are already very accurate. This is in sharp contrast to the result of SECC given in Table I , where the convergence is very slow and the energy is still considerably different from 1.0 even at nϭ30 for ␣ϭ0.60. The optimal C K and C P of ECC2 are not equal but differ even in sign. Therefore, this ECC2 solution is different from the SECC solution. Further, the values of ⌬ n K and ⌬ n P are remarkably very small, showing that the variational solution is very close to the H-nijou solution. This is confirmed from Table V, in which the results of the H-nijou method are summarized. This smallness of ⌬ n l is attained though S and H do not commute. This is case B, explained in the previous section. The optimal character of the ECC2 results shown in Table IV is confirmed from the smallness of the values of G n I (IϭK, P) and ‫ץ‬E n /‫ץ‬C I at the optimal values of C K and C P . Table V shows the result of the H-nijou method applied to nϭ2 and 3 of ECC2. The optimal values of C K and C P are very close to those of the variational method. Actually, the H-nijou results are the same as the variational results except for the case of ␣ϭ0.60 and nϭ2, where the secondorder term in the H-nijou integral F n I , which is the difference between F n I and G n I as seen from Eq. ͑4.20͒, is the little bit large so that the variational result and the H-nijou result become different. Note that this difference is not due to a large ⌬ n I value. It is also small even in this case. The optimal character of C K and C P is seen from the smallness of the value F n I . The results of ECC2 given in this section very much encourage the ECCND approach for more realistic systems. The key is a smallness of the ⌬ n I values that guarantees the high quality of the calculated results. This high quality of the calculated results is certainly due to the exactness of the structure of the ECCND wave function.
VI. CONCLUSION
In this series of papers, 1,2 we have investigated the structure of the exact wave function and obtained several expressions of the exact wave function that includes much smaller number of variables than M full-CI given by Eq. ͑1.3͒. The number of variables is from unity to M GSD , for example, depending on the method of division of the Hamiltonian. Since the exact wave function is unique, these different expressions represent the different aspects of a single reality, the exact wave function. These expressions give the bases for the further studies of the exact wave function from both theoretical and numerical aspects. They will also give a hint in the study of the different frameworks of the quantum mechanics, like DFT and DMT ͑density matrix theory͒. 13 In this paper, we have examined the exponential ansatz in the light of the general theorem given in Paper II. As motivated in Paper I, we could prove that the simplest extended coupled cluster ͑SECC͒ has the structure of the exact wave function: it becomes exact when solved variationally or by the H-nijou method. This fact sheds light on the possibility of the ECCND wave function in general. Since even the simplest ECC is exact, the more general ECCND should also be exact. Then, both the variational equation and the H-nijou equation give the exact wave function when applied to EC-CND. For the exact solution, the difference between the variational equation and the H-nijou equation should vanish and is satisfied as an integral relation given by Eq. ͑3.29͒. Thus, the noncommuting problem pointed out in Paper I disappears. 9 Further, ECCND (N D у2) may give a more rapidly converging solution than SECC. Because of its nonlinear character, ECCND may give the exact solution at the sets of variables different from SECC. We thus conclude that the ECCND is exact for all N D . ECCND gives an explicit expression of the wave operator W defined by Eq. ͑1.5͒. As a special case, CCGSD is also exact: a statement in Paper I must be corrected. 9 The ECCND and CCGSD must be solved by the variational method or by the H-nijou method. Nooijen 4 considered solving the CCGSD using the density equation, 5 which belongs to the H-nijou method: this is a clever idea to give the exact solution.
We have summarized the method of solving the SECC and ECCND for the nth-order truncated form. The variational equation and the H-nijou equation are different in this case, but the difference should be small: it gives a measure of the quality of the calculated result.
The SECC and the ECCND are applied in their truncated form to the simple example of harmonic oscillator. The SECC certainly gave the exact wave function starting from approximate reference functions for both the ground-and first-excited states, though the convergence rates were rather slow. On the other hand, ECC2, having different variables for kinetic and potential operators, gave quite a rapid convergence. The variational method and the H-nijou method gave essentially the same results: ⌬ n I ϭ0 were essentially satisfied. This good performance of the ECCND method certainly reflects its exact structure as a wave function. CCGSD is also important as a special case of ECCND. Head-Gordon and his co-workers recently studied variational coupled cluster in some detail and reported several nice results.
14 Based on the present result, we believe that the study of ECCND would certainly open up a new wave in the study of the exact wave function.
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